In the 1990s, Salmonella enterica serovar (S.) Mbandaka occurred in feed and poultry in Poland. In the following years, the serovar also gained epidemiological importance in other EU countries. The objectives of current study were to evaluate the genetic relationship of contemporary S. Mbandaka with isolates originating from the beginning of the epidemics, and to assess the contribution of poultry as the source of infections in humans. Seventy S. Mbandaka isolated mainly in 2009 -2010 from humans, poultry, food, and feed were typed with API ID32 ® , MIC, plasmid profiling, PFGE, and MLST. PCR and sequencing were used to identify plasmid mediated quinolone and cephalosporin resistance mechanisms. Six biochemical profiles were identified and 59 of S. Mbandaka proved to be susceptible to the applied antimicrobials. Eight strains carried plasmids and a few of them were positive for bla CMY-2 and qnrS1 genes. Two clusters of 15 XbaI-PFGE profiles with similarity of 77.5% were found. The first cluster, gathered 7 profiles involving historical isolates and several contemporary non-human S. Mbandaka. The predominant profile in the second cluster consisted of 28 human and 1 broiler isolate. MLST analysis showed sequence type ST413 occurring among all tested isolates. The identification of close genetic relationships between S. Mbandaka of human and poultry origin indicates animals as a primal human infection route. Despite Salmonella control programmes, the S. Mbandaka ST413 clone has been circulating for several years in Poland. Salmonella control polices in food production chain should be continuously updated to target serovars of major epidemiological importance. Resistance noted in S. Mbandaka to such antimicrobials as fluoroquinolones and cephalosporins may hinder public health.
INTRODUCTION
Salmonella enterica subsp. enterica serovar (S.) Mbandaka was firstly isolated from human salmonellosis in the Belgiun Congo in 1948. Soon after, S. Mbandaka occurred in Sweden, Belgium, the Netherlands and Germany, although its epidemiological significance was limited [1] . Finally, S. Mbandaka became widespread globally, being currently classified as one of the top-10 serovars responsible for salmonellosis cases in humans in the EU [2] . It was also ranked amongst the 20 most frequent serovars in humans in other European countries, as well as Israel, North America, Africa and New Zealand [3, 4] . Since its occurrence in humans in 1997, S. Mbandaka represented one out of the 10 most predominant serovars in Poland, with the second position occurring at 8.79% in 2010 [5] . During the same period, it became the 8 th most common serotype in the EU, with huge increase compared to 2009. In Poland, a high morbidity rate due to S. Mbandaka was found in the Silesian province, among citizens living in rural areas close to poultry farms where S. Mbandaka was responsible for 32% all salmonellosis cases in the region in 2010 [6] .
S. Mbandaka has also gained epidemiological importance for animals and it has been reported as the 5 th most frequently noted serovar in both cattle and poultry in the EU, with variable prevalence in different countries [2] , with the top serovars observed elsewhere, both in animals, feeds and foods including dairy products, fish and seafood, cereals, vegetables and fruits, pastries and sweets, and in the environment [3, 4] . Beginning in 1996, S. Mbandaka has been continuously isolated in Poland in veterinary sources such as hens, turkey, pigs, geese, ducks, food and animal feed.
OBJECTIVE
Taking the above into consideration, the objectives of current study were to asses the possible contribution of poultry as the source of an increasing number of salmonellosis in humans in the Silesian province, and evaluation of the genetic relationship between the contemporary isolates with S. Mbandaka originating from the beginning of the epidemics in the mid-1990s.
MATERIALS AND METHOD
Bacterial isolates. Seventy S. Mbandaka were selected for the study: 32 human and 38 non-human isolates, including 2 historical ones. Human isolates originated mostly from patients in the Silesian province (N=31), including diarrheal (N=5) and convalescents (N=2). The remaining isolates were obtained from subclinical faecal carriage (N=22) or contact cases (N=2). One isolate was To ascertain the widest possible diversity of the isolates they were selected based on animal species and production type, date and place of isolation. The adopted inclusion criteria guaranteed the variety of non-human isolates (Simpson index of diversity reached 0.785). Additionally, 2 isolates found in 1996 in poultry and feed and presenting the most frequent historical clonal lineage A, were included in the study [7] (Fig. 1) .
Identification of isolates.
Serotyping according to WhiteKauffmann-Le Minor scheme [8] was performed to verify Salmonella serovar. Biochemical properties of isolates were evaluated by API ID32 ® , performed and coded according to manufacturer's instruction (bioMérieux Polska, Warsaw, Poland).
MIC testing and identification of selected resistance mechanisms. Microbiological resistance was assessed by the microbroth dilution method. Minimal Inhibitory Concentration (MIC) of 14 antimicrobials ( Fig. 1) were interpreted according to the epidemiological cut-off values (http://www.eucast.org). Etests® (ESBL and AmpC; AB bioMerieux, Solna, Sweden) were performed for phenotypic confirmation of cephalosporin resistance and differentiation between extended spectrum betalactamase and AmpC cephalosporinase production. Resistance mechanism was identified with bla CMY-2 PCR amplification [9] . Isolate showing wild-type nalidixic acid MIC and microbiological resistance to ciprofloxacin was tested with PCR for qnrS amplicon [10] , and further sequenced for resistance mechanism identification (Oligo, Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warsaw, Poland). Both PCR assays were performed with Maxima ® Hot Start PCR Master Mix according to manufacturer's recommendation (Fermentas Life Sciences, Thermo Scientific, Lithuania).
Molecular characterization.
Plasmid profiling was performed with previously described lysis by the alkali method [7] . Plasmidic DNA was run in 1.0% agarose gel against E. coli 39R and V517 molecular size markers and interpreted with BioNumerics (version 5.1, Applied Maths, Sint-MartensLatem, Belgium). Pulsed field gel electrophoresis (PFGE) was carried out according to the PulseNet protocol following DNA digestion with XbaI, as described earlier [11, 12] . Additionally, SpeI-PFGE was carried out on a subset of isolates (N = 55) representing predominant XbaI-PFGE profiles. BioNumerics fingerprint analysis included UPGMA, Dice coefficient, 0.5% optimisation, and 1.5% position tolerance. Multilocus sequence typing (MLST) was performed on 18 isolates representing most of the identified XbaI-PFGE patterns [13] .
RESULTS
After biochemical and serological testing, all isolates were identified as S. Mbandaka. ID32E biotyping distinguished 6 biochemical profiles with different ability for decomposition of arginine and 5-ketogluconian and production of lipase and α-glucosidase (Tab. 1). Human isolates were classified to 4 profiles and they were predominant in biotype 1 and 4. Two of the 6 profiles covered only S. Mbandaka originating from non-human sources. Simpson's diversity index for biotyping achieved the value of 0.766.
Most of tested S. Mbandaka (N=59) proved to be susceptible (wild-type) to the applied antimicrobials. Eight resistance profiles were observed in 11 isolates showing nonwild type MICs to one (Str or Kan) up to 4 compounds (AmpStrSmxTet). Most often, the resistance profiles were registered in broilers isolates (7/15), layers (3/8), or those recovered from breeders (1/4), but not from humans ( Fig. 1) .
Eight out of 70 tested strains carried plasmids with molecular mass ranging from 3.9 kb -140 kb (5 plasmid profiles). Four of them showed NWT MICs up to 3 tested antimicrobials. Cephalosporin NWT isolate carrying ∼140 kb plasmid exhibit synergetic effect in AmpC Etest ® and was found positive for bla CMY-2 specific amplicon. Another S. Mbandaka of ampicillin and ciprofloxacin NWT MIC carried 40 kb plasmid with qnrS1/S3 gene (Fig. 1) .
Two clusters composed of 15 XbaI-PFGE profiles with a similarity of 77.5% were found (Fig. 1) . The first cluster of 7 profiles with a similarity of 81.2% involved 2 isolates from 1996, and several contemporary non-human S. Mbandaka. The predominant XbaI-PFGE SMb-X1 profile covered 16 isolates originating from poultry breeding (N=3), broiler (N=8), or laying (N=2) flocks as well as single S. Mbandaka from broiler meat and historical feed isolate. The remaining profiles from this cluster (SMb-X2 ÷ SMb-X7) gathered isolates from geese, laying hens and broilers, as well as an historical unspecified poultry source and those contemporarily obtained from feed with a similarity of 91.1%.
Cluster II gathered 8 XbaI-PFGE profiles. The predominant SMb-X8 consisted of 28 human isolates and were indistinguishable from broiler isolate (1905/2010). It showed close similarity (up to 92.7%) to the following 2 profiles (SMb-X9 and SMb-X10) gathering isolates from different animal species and feed. Similar genetic diversity was noted between SMb-X11 (4 human isolates) and SMb-X12 (Fig. 1) .
DISCUSSION
Since its introduction in the mid-1990s- [7] , S. Mbandaka has gained some epidemiological importance, being responsible for infections in animals and humans as well as contaminations of food and feed, both in Poland and the EU [2, 5] . In Poland, the presented results confirm that it was due to a single clone of Mbandaka ST413 introduced in 1996, and circulating to-date between feed, poultry, foods, and humans. The reasons for the epidemiological success of this particular clonal lineage might be hypothesized based on recent studies on biofilm production, pathogenicity, and host adaptation [14] . The observed variability of PFGE, plasmid, biochemical, and resistance profiles of S. Mbandaka proves that the on-going epidemics in Poland results from multiple genetic rearrangements during transmission routes involving feed, various poultry, food of animal origin, and finally reaching humans.
Numerous molecular and phenotypic patterns were observed, PFGE profiles comprising most of human isolates (in the case of SMb-X8 also broiler isolate No.1905/2010) and a high similarity found between profiles embracing isolates from layers, broilers, turkeys, and goose with human profiles indicated poultry as a plausible source of human infection. Although direct contact with poultry was identified as the source of a mult-State outbreak of S. Mbandaka in the UAS [15] , the relation of increasing number of salmonellosis cases in the Silesian province [6] has not been confirmed with S. Mbandaka infected poultry farms in the region. The finding of indistinguishable human isolates with the one from broilers originating from distinct province, pinpoints the role of contaminated food being transferred to the countrywide market. Since the presented study focused on S. Mbandaka cases in a narrow time window and occurred mostly in a single province of Poland, similar scenarios may happen elsewhere involving the described poultry-related strains [7] . Similarly, the Austrian Reference Centre for Salmonella also noticed an increase in the number of salmonellosis due to S. Mbandaka in 2010, and the investigation revealed eggs or egg dishes obtained from laying flocks fed with contaminated commercial feed as responsible for the outbreak [16] . However, human infections due to S. Mbandaka could not always be linked to animals and food of animal origin. For example, several cases reported from New Zealand were related to sesame seeds paste [17] . It is intriguing why S. Mbandaka is still being isolated from flocks despite the implementation of Salmonella control programmes that require enhanced bio-security, including the cleaning and disinfection of the poultry farm environment. One of the possible explanations is that it is probable that the disinfection process is not fully effective, and the pathogen, as well other Salmonella, can still circulate within flocks and between different production sectors. Additionally, S. Mbandaka might also develop biofilms protecting bacteria against disinfectants [18] . This was one of the most prevalent serovar found in airborne dust sampled from layer farms in Japan, which undoubtedly helped the circulation within poultry flocks and hampering the elimination of this pathogen from the farm environment during disinfection [19] . It is noteworthy that the difficult eradication of S. Mbandaka from poultry production is further limited by control programmes targeting selected serovars, and the decrease of their prevalence might be compensated by the others gaining some epidemiological importance.
Similar to other studies [20, 21] , S. Mbandaka isolated from various sources in Poland over several years remained susceptible to antimicrobials. The discovery of a few resistances in S. Mbandaka proved that the phenomenon is not a prerequisite for the above-presented epidemiological success of the serovar, despite antimicrobial selection pressure in Polish poultry production [22] . The high resistance rates observed in S. Mbandaka from layer farms in Japan [19] or humans in Morocco [23] might have been related with the dissemination of bacterial clones showing specific resistance patterns, as observed in Poland for S. Kentucky [11] or S. Typhimurium [12] .
Attention should be drawn to plasmid-mediated mechanisms encoding cephalosporin and fluoroquinolone resistanceantimicrobial classes considered critically important for public health [24] . AmpC-type cephalosporinase CMY-2 gene encoded on a heavy weight plasmid of approximately 140 kb has been previously noted in clinical isolates in Tunisia [25] . Plasmid-mediated qnrS1/S3 found in other poultry isolates is the commonest PMQR mechanisms observed in Salmonella and E. coli in Poland (unpublished date) [10] ). Both mechanisms have to be considered a serious health threat resulting from antimicrobial selection pressure and horizontal spread involving non-pathogenic bacteria [9, 10] .
CONCLUSIONS
Summing up, the identification of close genetic relationships between S. Mbandaka of human and poultry origin indicates animals and food as primal human infection routes, but not close contact with neighbouring poultry farms. The tremendous epidemiological success of S. Mbandaka ST413 clone was confirmed. Despite, or partly due to Salmonella control programmes implemented in poultry production, the clone has been circulating for several years between poultry, feeds, and foods, finally compromising public health. It is successive proof that Salmonella control polices in the food production chain should be continuously updated to target serovars of major epidemiological importance to enhance efficient consumer protection. That protection is further hampered with the ecologically sound phenomenon of selection and horizontal spread of resistance to critically important antimicrobials: fluoroquinolones and cephalosporins.
